)-dodecaene}, has syn-anti-syn geometry wherein the two outer [3.3]metacyclophane (MCP) moieties have a syn geometry, and contain the facing benzene and pyridine rings at dihedral angles of 26.26 (10) and 26.46 (10) , respectively. The rings of the central [3.3]MCP unit are not parallel, but orientated at a slight angle of 2.66 (9) . Three bridging methylene groups are disordered over two sets of sites in a 0.60:0.40 ratio. In the crystal, the molecules are linked by C-HÁ Á ÁN interactions and intermolecular C-HÁ Á Á short contacts, generating a three-dimensional network.
The title compound, C 40 H 46 N 2 {systematic name: 12,30-diazaheptacyclo-[21.13.1.1 5, 19 .1 6, 18 .1 10, 14 .1 24, 36 .1 28, 32 ]dotetraconta-1(37),5(40),6(41),10(42), 11,13,-18,23,28,30,32(39) ,36(38)-dodecaene}, has syn-anti-syn geometry wherein the two outer [3.3]metacyclophane (MCP) moieties have a syn geometry, and contain the facing benzene and pyridine rings at dihedral angles of 26.26 (10) and 26.46 (10) , respectively. The rings of the central [3.3]MCP unit are not parallel, but orientated at a slight angle of 2.66 (9) . Three bridging methylene groups are disordered over two sets of sites in a 0.60:0.40 ratio. In the crystal, the molecules are linked by C-HÁ Á ÁN interactions and intermolecular C-HÁ Á Á short contacts, generating a three-dimensional network.
1. Chemical context [3.3] Metapyridinophanes (MPyPs) have been used as ligands in transition metal complexes, and various kinds of metal complexes have been prepared using them (Muralidharan et al., 1989; Fronczek et al., 1989; Krü ger, 1995) . A variety of types of [3.3] MPyPs are possible, and the [3.3](2,6)PyPs have been studied in detail (Vö gtle & Schunder, 1969; Shinmyozu et al., 1986; Bottino et al., 1988) . Only a limited number of [3.3] (3,5)PyPs have been produced up to now, mainly because of the instability of the coupling precursor, 3,5-bis(halomethyl)pyridine. We have previously used freshly prepared 3,5-bis(chloromethyl)pyridine as the coupling reaction to prepare 2,11-diaza[3.3](3,5)PyP (Satou & Shinmyozu, 2002) . One of the major advantages of using [3.3] (3,5)PyPs over using [3.3] (2,6)PyPs is the potential for forming self-assembled supramolecules when [3.3] (3,5)PyPs become coordinated. This occurs because the metacyclophanes (MCPs) have syn geometries and the nitrogen lone-pair electrons can readily coordinate with metals without steric hindrance being caused by the bridges. We have also described the synthesis of multilayered [3.3] cyclophanes using the (p-tolylsulfonyl)methyl isocyanide method (MCPs; Shibahara et al., 2007) and the (p-ethylbenzenesulfonyl)methyl isocyanide method (paracyclophanes; Shibahara et al., 2008) . Multilayered [3.3] MCPs that have a pyridine ring at each end may, therefore, form larger supramolecules when they form complexes with transition metals. These new types of supramolecules could have uses as catalysts, inclusion hosts or nanometerscale materials. 
Structural commentary
The molecular structure of the title compound (at 123 K) is shown Fig.1 . The trimethylene bridges are highly flexible and disordered even at this temperature. The molecule has a synanti-syn geometry, in which the two outer [3.3]MCP moieties have a syn geometry and contain opposing benzene and pyridine rings at angles of 26.26 (10) (between the C4-C8/N1 and C13-C18 planes) and 26.46 (10) (between the C26-C31 and C35-C39/N2 planes). These angles are comparable to the corresponding angle (24 ) in the parent two-layered [3.3]MCP (Semmelhack et al., 1985) . The molecular structure of the title compound, showing the atomnumbering scheme. Displacement ellipsoids are drawn at the 50% probability level.
Figure 2
Short contacts of the title compound; C-HÁ Á Á-type interactions between C6 and H11 and C35 and H49 (orange dashed lines) and short contacts between N1 and H9 and N2 and H50 (light-blue dashed lines).
Supramolecular features
The crystal-packing diagram of the molecule (Fig. 2) shows that molecules are stacked alternately changing direction in the bc plane. Two types of intermolecular short contacts are observed. One is the C-HÁ Á Á-type interactions between C6 and H11 (2.811 Å ) and between C35 and H49 (2.868 Å ) in the bc plane, while the other is between N1 and H9 (2.429 Å ) and between N2 and H50 (2.468 Å ) along the a axis (Table 1) . Both instances of the second type of short contact were found to be shorter than the sum of the van der Waals radii of a nitrogen and hydrogen atom. 11,13,18,23,28,30,32(39) ,-36(38)-dodecaene), which is the hydrocarbon-only parent molecule (Shibahara et al., 2007) , and its charge-transfer complex with tetracyanoethylene (Shibahara et al., 2011 (Shibahara et al., , 2014 . The four-layered [3.3]MCP changes conformation in the solid state depending on the environment its circumference is in, having a syn-anti-syn geometry like the letter '!' in a ligand-free environment and have a geometry like the letter 's' when it forms a complex.
Database survey

Synthesis and crystallization
The title compound was prepared as described by Shibahara et al. (2008) by a coupling reaction of 5,7,14,16-tetrakis(bromomethyl)[3.3]metacyclophane with 3,5-bis[2-isocyano-2-(tolylsulfonyl)ethyl]pyridine, which afforded four-layered [3.3](3,5)pyridinophane tetraone, which was converted to the four-layered[3.3](3,5)pyridinophane Shibahara et al., 2009 ) by a Wolff-Kishner reduction. Purification of the crude product by silica gel column chromatography with CH 2 Cl 2 /EtOH (9:1; v/v, R f = 0.53) gave the four-layered pyridinophane (12% isolated yield in two steps). Finally, the product was crystallized from CH 2 Cl 2 /acetone to give single crystals (colourless prisms), m.p. 518 K (decomposed). 1 H NMR (600 MHz, CDCl 3 ): 1.8-2.0 (m, 12H, CH 2 CH 2 CH 2 ), 2.4-2.7 (m, 24H, CH 2 CH 2 CH 2 ), 5.97 (s, 2H, ArH), 6.21 (s, 2H, ArH), 6.91 (s, 2H, ArH), 7.84 (d, J = 1.5 Hz, 4H, ArH).
13 C NMR (150 MHz, CDCl 3 ) 26. 2, 27.7, 32.4, 32.7, 33.2, 134.0, 134.4, 134.8, 134.8, 135.8, 140.4, 146.8 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . H atoms were positioned geometrically and refined using a riding model: C-H = 0.95-0.99 Å with U iso (H) = 1.2U eq (C). (Farrugia, 2012) , Mercury (Macrae et al., 2006) , publCIF (Westrip, 2010) and enCIFer (Allen et al., 2004) . Table 1 Hydrogen-bond geometry (Å , ). (Farrugia, 2012) , Mercury (Macrae et al., 2006) , publCIF (Westrip, 2010) and enCIFer (Allen et al., 2004 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
